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INTRODUCTION

BACRKGROUND

I The UH-60A with producuon deiring Kit, has been cleared for flight into moderate
wing conditions. The EH-n0A helicopter Quick Fix system comprises a UH-60A modified
o accept an ANALQ-131(VY 2 countermeasures system and other mission equipment.
I'he associated antennas of the EH-60A aler the overall ice accretion characteristics. The
YEH-60A and the FH-60A have undergone natural and artificial icing airworthiness tests
trets 1 and 20 app A and have been determined to be unsuitable for flight into icing
environments. The U.S. Army Aviation Systems Command {AVSCOM) airected the 17.S.
Army Aviaton Engineering Flight Acuvity (AEFA) to conduct further natural icing tesis of
the EH-n0A helicopter {ref 3) with revised antenna configuration in accordance with the
approved test plan dret 410 Specitic differences hetween the test aircraflt and previously
tented contrgurations were upgraded direction finding (DF) antenna insulator housings: an
improved electronie countermeasures (ECM) antenna actuator assembly; the installation of
dummy active DEF antennas: and extended landing gear sponsons.

TEST OBJECTIVE
2. The objective of this test was to obtain limited natural icing flight test data to provide
AVSCOM with the basis for establishing =n enveiope for flight into moderate icing
cunditions tor the EH-A0A helicopter Quick Fix system.

DESCRIPTION

3. The EH-60A hehcopter Quick Fix system is a twin turbine, single main rotor helicopter
designes ©onave an all-weather, day and night capability to identify, locate and jam ground
based commurications transmissions. The airframe is a UH-60A helicopter modified to
accommodate special ¢lectronic mission equipment and aircraft survivability equipment.
The UH-HA0A de/anti-icing equipment comprises main and tail rctor blade electrical
deicimgs a Rosemuount ice detector/icing rate meter; electrical pitot tube, droop stop and
windshield anti-icing heaters: and engine intake anti~ice protection by bleed air. External
changes to the UH-60A as a resuil of the installation of the Quick Fix system include a
single retractable ECM whip antenna underneath the rear fuselage, two DF dipole antennas
on each side of the tail boom, one AN/ALQ-162 radar countermeasures antenna on the
nose and another on the tail, four AN/ALQ-156 countermeasures antennas on the main
tuselage and an addittonal M~-130 chaff dispenser on the left side of the tailboom. The test
arrcraft was :quipped with a hover infrared suppressor subsystem, an AN/ASN-132
integrated inertial navigation system, extended main landing gear sponsons (housing
four/rev vibiation abxorbers) and four dummy active direction finding antennas mounted
on the bottom of the fuselaye. A description of the EH-60A is contained in the UH-60A
Operator’s Manual fref 5) and additional deinits of the rest aircraft, S/N 86-24569, are in

appendix B

4 A JU-2IA configured with cloud calibration equipment was used to document icing
ciond hquid water content (1.WCT), particle size. outside air temperature and relative
homiany ana is deseribed an appendix C.




TEST SCOPE

5. FEight natural icing flight tests were conducted in the vicinity of Duluth, MN from
25 February to 13 March 1989. A total of 14.4 hours were flown of which 11.1 were
productive in a natural icing environment. Specific test conditions are presented in
table 1. Flight limitations contained in the operator’s manual (ref 5) and the
airworthiness release (ref 6) were obhserved during all flights. A crash rescue UH-1H was
supplied by the U.S. Army Reserve from St. Paul, MN.

TEST METHODOLOGY

6. Natural icing tests were conducted by flying the aircraft under instrument flight rules
in appropriate instrument meteorological conditions which had usually been located and
documented in advance by the JU-21A chase aircraft. Following the icing encounter, the
test aircraft exited the cloud and was immediately photographed in flight from the
JU-21A. A landing was then accomplished as soon as possible to permit further
photography. Ice shedding characteristics were qualitatively assessed by the test aircraft
crew.

7. Aircraft Rosemount LWC readings were correlated with the rate of ice accretion on a
visual ice accretion probe and with data obtained from the cloud calibration equipment
on board the JU-21A. Video cameras were used to observe the behavior of the ECM
antenna and to record DF dipole antenna motion and ice accretion. A detailed
description of special equipment and instrumentation is presented in appendix C.

& Data analysis methods and definitions of icing severities, shortcomings and
defictencies are presented in appendix D.
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RESULTS AND DISCUSSION

GENERAL

Y. Natural g tests were  conducted to provide data for the establishment ¢f a
moderate 1cing flight envelope for the EH-60A helicopter Quick Fix system. Two
deficiencies were noted: the design of the electronic countermeasures (ECM) antenna
assembly and mount which caused excessive i1ce-induced oscillations and subsequent
damage to both the ECM actuator and its mounting structure; and the poor reliability of the
integrated nertial navigation system {IINS) navigational processing unit (NPU). The
tollowing shortcomings were identified: the loosening of the direction finding (DF)
antennas after icing tlights, the inaccuracy of the Rosemount icing rate meter and poor
LINS: flight instrument integration. The deficient design of the ECM antenna assembly
should be recnfied betore the EH-60A is permitted to operate in icing conditions with the
ECM antenna extended. Regular post-icing flight maintenance of the DF antennas should
be carried out unul the design and assembly of the DF antenna insulator housings is
improved.

ELECTRONIC COUNTERMEASURES ANTENNA

I The ice accretion, ice shedding and oscillation characteristics of the extended ECM
antenna were evaluated over a total of 3.1 hours during flights one through three. The
effect of ECM antenna ice accretion on the operation of the ECM system was not
assessed. The behavior of the ECM antenna was not observed during flights one and two
since the forward camera was unserviceable. A 2 in. thick ice accretion along the lower 8
ft of the antenna was observed by the chase aircraft after exiting the icing conditions on
thght one: no excessive oscillations were noted, retraction was normal and the ice shed
after landing (iig. F-1, app F). After exiung the icing conditions on flight two, a uniform
ice accretion of about 1 in. was observed; there were no excessive antenna oscillations
and the ice shed after landing. During the initial part of flight three the ECM antenna
oscillated laterally at approximately 4 Hz with a tip amplitude of about +6 in. After
20 minutes of icing the oscillation rapidly increased to a tip amplitude of %2 ft with
visible movement of the actuator assembly and its mounting structure. After a further 13
munutes the oscillations suddenly stopped and the antenna hung slightly off-center, with
only small oscillations, until retraction (fig. F-2). After exiting the icing conditions the
chase aircraft observed a uniform 1 1/2 - 2 in. ice accretion along the lower 8 ft of the
antenna with 1/2 . of ice on the upper 1 {t. During retraction the antenna hesitated at
30 degrees extension before stopping at 5 degrees extension with the tip displaced 6 in.
laterally from the cradle (fig. F-3). The ANTENNA RETRACTED advisory light
remained out and the ANTENNA EXTENDED warning illuminated during approach and
fanding.

L1, Post-flight wirframe inspection revealed the following damage: a fatigue fracture of
the left pivot pin which allowed the antenna to move laterally and bend the right pivot pin
(fig. F-4); cracks in both the composite actuator mounting structure and the metal
ground plane (figs. F-5 and F-6); and debonding and loss of material at the joint
hetween the hare of the antenna and the insulation collar (fig. F-7). After a review of the
in-flight video recordings, the foregoing damage was attributed to the lateral oscillations of
the ECM antenna During antenna retraction the misalignment caused by the pivot pin




tatture had allowed the antenna base 10 contact the actuator mechantsm causing damage
to several components {(figs. F-8 and F-9). The damaged ECM! antenna assembly and
mount were replaced by a blanking plate duning subsequent tlights. The design of the
antenna  assembhs and mount 1s deficient because it allows excessive ice-induced
oscillattons, resulting in structural damage and ~nmponent failure. The design of the ECM
antenna.‘mount assembly should be improved to either prevent ice accretion or render the
we-induced osallations penign. Further testing should be conducted before the EH-60A
is reteased for theht mocing conditions wich the ECM antenna extended. Testing should
e accomplished o determine the effect of ECM antenna ice accumulation on the
operation ob the AN ATO-1ST{VE2 countermeasures system.

DIRECTION VINDING DIPOLE ANTENNAS

120 The e w0 sonn we Shedding and avibrauen characteristics of the DF antenna
assemblios were vyl eteld thronehout the test. The effect of DF antenna ice accumulation
on the operauen o0 dhe EONM system was not assessed. Typical ice accretions are shown in
figure F- 106, The owoessive antenna oscillations noted in previous tests were not observed
and the maximum op ampitode recorded was generally 2 in. occasionally increasing to
T4 in. immediaten prier to an e shed. Antenna oscillation amplitude was a function of
the amount of 1ce accumulated rather than the rate of accretion. After flight seven, and a
cumulauve total ©f 9.5 hr jcing, the forward right lower antenna element was found to be
shehtly foase. ARV DE antenna mounting screws were consequently retorqued. After flight
Y. and a further 1oe hropcing, the right forward upper element was found to be loose. The
Inosening of the Dre oantennas during flight in icing conditions is a shortcoming and is
discussed further in paragraph 17, Testing should be conducted to determine the effect of
DF antenne  sce accumulation  on the  operation  of the AN/ALQ-151(\)2
COURLETMEAsUres syv-iem

DUNMY ACTIVE DIRECTION FINDING ANTENNAS

I3, The ice accreuon and shedding characteristics of the dummy active DF antennas
were evaluated by ob<ervation from the chase aircraft and post-flight photography
throughout the tests. Ice accreted on the forward face of each antenna with a maximum
thickness of approsimately |in. at the leading edge. The ice thickness tapered to zero
near the fuselage (fig. F-11). No in-flight shedding was observed and the ice formation
had no adverse effect on either the antennas or the airframe. The icing characteristics of
the dummyv active DF antennas in the configuration tested are satisfactory.

LANDING GEAR SPONSONS

14 The tce accrenion characteristics of the extended main landing gear sponson fairings
were assessed thronghout the test. Ice up to 3 in. thick accreted on the forward face of
the sponsans (fig. C- 1, app ). No in-flight shedding was observed and the ice accretion
had no adverse olfiect on the awrcraft. The icing charactenstics of the extended main
Linddeag poar spenann fairings are satisfacrory.

n




ROSEMOUNT ICING RATE MUTER

15 'The accuracy of the Rosemount icing rate meter was evaluated throughout the tests by
correlating its liquid water content (LWOC) readings with the rate of ice accumulation on the
visual 1ce accreton probe (VIAP) and, whenever possible, with calibrated LWC
measurements taken by the chase JU-21A The Rosemount LWC readings were normally
signtticantly higher than the actual condwons throughout the tests, as illustrated by the data
trom flicht four in table 2 below:

Table 2. Flight Four LWC Data’,2,3,4

Time VIAP Rosemount Time VIAP Rosemount

Period LW LWC Period LWC LWC

(i) (gonedy (g/m3) (min) (g/m) (g/'m3)

43 12 45 402 12 .70

S:25 12 45 5:03 2 75

S:2R 12 70 3% 19 25
NOTES:

"Fhight 4 was the worst case for steady state LWC errors.

ZRosemount readings are averaged steady state values over the appropriate time
period (transient values are 1gnored).

3Mixed icing condiions mav have been present during fight 4.

ndicated OAT -2.0°C, total air temperature -6.5°C throughout.

In the mixed iy conditions (combinations of supercooled liquid water drops with sleet,
severe freezing drizele or freezing rain) of flight seven, the Rosemount error was excessive
with transient off-scale indications. The indications fluctuated between zero and max
{2 v/m?) and anv steady indication was normally approximately double the observed
(VIAP) valuz. The erroneous indications led the flight crew to select the BLADE DEICE
MODE switch 1o MANUAL (MODERATE) during some phases of the flight. The rotor
blade deice system, whose element off time is determined by the Rosemount when in the
automatic mode, continued to operate normally throughout the flight and no adverse
aircraft vibrations or excessive torque rises were noted in the light to moderate icing tested.
Rosemount icing rate indications should not be used as the sole criterion for determining
the sevenity of icing conditions since they coulc cause a crew to exit icing conditions less
severe than indicated. The Rosemount readings should be correlated with other indications
of icing severity such as torque rise and vibration level. Note that a 20% torque increase
indicates that normal autorotational rotor rpm may not be attainable (ref 5, para 8-60).
The mnaccuracy of the Rocemount LWC readings, especially in mixed icing conditions, is a
shortcoming and should be improved. As an interim measure the following sub-paragraph
should be inserted into the U/EH-60A Operator’s Manual at paragraph 8-60 (In-Flight
lome):




dIn mased e condinons (combimations ot icing with sleet freezng
drizzle or freesing ramy the ey rate meler may  give  maccurate
indications and should not be used as the sole criterion to determine icing
severtty . fomav not be necessary to exit nuxed icing conditions unless an
LW reading of greater than 1 g/m3 (heavy) is accompanied by a torque
rise of more than 20% and/or excessive vibrations.

INTEGRATED INERTIAL NAVIGATION SYSTEM

v The ease ol operation of the TINS was assessed throughout the tests. Complete
coontent took oot eight minutes and could be initated as soon as the equipment was
Cosered ups setsequent power surges durmg main generator connecton and hydraulic
ok test susternt checks did not atfect the alignment. TINS alignment tme did not delay

Shts mnto dang conditions because of the time taken o test the de/anti-ice <ystems but
cesrnted o delavs of up o tne minetes o other flights (the excessive length of the deice
<osterns check asoa previously rdenufied shortcoming). The usefulness of the TACAN
feature of the NS was limied by the inability to display TACAN information directly
oo the flicht insruments and the + ability to select a desired TACAN radial using the
Porzontal siluaton indicator course knob. These two features prevent the use of the
I'SCAN & an approach ard when no co-located VOR beacon is available. The poor
soveraton of the TINS TACAN with the flight instruments is a shortcoming and should be

RELIABILTTY AND MAINTAINABILITY
Divection Finding Antenna Insulator Housings

Pricr to the s test fheht the DF antenna assemblies were installed by an engineer
rom Tracor Aerospace Ine who experienced some difficulty in assembling the antenna
lements into the treughs in the msulator housings. Two antenna elements subsequently

crked doose, i one case after the mounung screws had been retorqued (para 12y,
boamimaton ol the ansulator housings <howed that three screw inserts had become
dobhonded trom the housing mouldings: subsequent attempts to reseat them failled. The
Iracor envineer attribited the debonding to excessive assembly pressure resulung from
the teht fit of the antenna clements in the insulator housing troughs. lce-induced
sllations then caused the antennas to ‘work’ in the troughs, eventually becoming loose.
The bhosernng of the antenna elements did not constitute a safety hazard but prolonged
dnohtoanh the antennas in such a loose condition could result in more serious damage and
poar o risk of antenna detachment. As noted ... paragraph 12, the loosening of the DF
vrernas g shortconune and the design of the insulator housings should be improved o
Ao easier, more consistent assembly . Maintenance procedures should be introduced to

cribv DE antenna secunty following il installation and, unul the insulator housings

v beonnproved, atter every theht m wang conditions.,




Integrated Inertial Navigation System

N

The reliabvihine ob the ANCASN- 132 FINS wis evaluated throughout these flight tests,
aring preparatons for the first test fheht the HNS faled and all pre-programmed
aiormatien was lost there were no ndications of the failure prior to the attempted
alivnment. Subsequent attempis to re-align the HNS tailed.

NS wroubleshooting
roncated that the NPU O had lailed

and the problem was eventually rectified by
seprogramnune the NPU using borrow ed equipment. A delay of two days was incurred

[

N

neowhich two potenual icing flhights wece lost. The poor reliability of the 1INS has been
sddressed notwo previous ULS0 Army  Aviation Engineenng Fhight Acuvity (AEFA)
reparts (refs 1oand 200 Curing a total of 135 EH-60A flight test hours performed by
AT E A on various aireraft five NPU failures have been documented. Since the FH-60A 15

aapabie

i perfornung it misston with an mnoperative TINS, the poour rehability of the
NPU o deticieney.

i

OPERATOR'S MANUAL AND CHECKLIST

Two major operator’s manual and check list discrepancies were noted. The
vroency procedure for 'NMR DE-1CE FAULT, MR DE-ICE FAIL OR TR DE-ICE
FATL CAUTION LIGHT ON’ described in reference 5 places an undue sense of urgency
pon the siuiation by requiring the crew o land as soon as possible if vibrations increase.
Poference T oindicares that vibration increase is inevitable in the case of blade deice
2 The emerpency procedure for "MR DE-ICE FAULT, MR DE-ICE FAIL OR TR
LE-10E FAILY <hould be amended as follows:

(SR

Ioime condiions — Exit as seon as pracucable.
b, BLADE DE-ICE POWER SWITCH - OFF, when out of icing conditions.

It ng conditions persist or excessive vibrations and/or torque rise are noted -
Land as socn as practicable.

Lo ~bed e trom the rotor blades during ost=icing flight shutdown presents a significant

rovard to ground personnel The following WARNING should be added to seference 5
Caracraph 2 -0

WARNING

ice ~hed from rotating components presents a  hazard to
personnel during anding  and  shutdown. Ground  personnel!
sShould remarm well clear. Passengers and crew members should
not ot the helicopter unul the rotor has stopped turning.

MISCELEANEOUS

Nocaction had boerstaken 1o mcorporate steps an the operator’s and crewmember’s
et to remmind priots to activate anti—icine systemson accordance with the operator’s

el Thi dedioenoy was previousiy adenubied o parapraph 19 ot reference 8




TUoseven ey sy ddentihied, g srelated shortcomings were contiried duning the

N

RENTS

are e nenated pelow, i order of decreasmpe importance, Sice no correcuve
fheen Lihen:

Fhe madognate windshield anu-ice svstem which does not prevent large ce

Ltons o the windsinolds and wipers and therefore intreases the probability ol

AR

Cthie Behicopier due to uncontrolled shedding (para 22 of ref ¥

cocrettion and shedding charactersues of the cochpit OAT indicator
resse the probability of enaine FOD (para 24 of ret N,

Cre e aceretions on the wire strike protection system components which

e shed and coald canse FOD to the ancralt (para 15 of ret 1D

Pre encesaehy leny and complhicated detce svatem operational chieck (para 44 ot

Cheoans S hcient man ransmission drip pan capacity (para S2 of ret 9y,

Fooamsence of labels o indicate the reset teature of the OFF poanon of the

b antsce swichies (para 15 of ref 9.

e s Anolref Y




CONCLUSIONS

GENERAL

2o The BH-noA hebeopters with modified direction finding (DF) antenna insulator
Saings (part noo DL e- 4 s suttable for Hight into moderate icing conditions

with the electronic countermeasires (ECM) antenna retracted only. Three deficiencies and

three shortcomings were wdenuhed . Several presiously identified. icing-related deficiencies

ach Shortcomnes romain uncorrecied.

DEFICHENCHES

230 The oliowmy dehcencies were adenuhied and appear in order of decreasing

TUANCY T

The design of the ECNM antenna which permits excessive ice—induced ascillations
and sabsequent conponent fatlure and structural damage (paras 10 and 11,

ho The poor redability of the navigational processing unit (NPU) associated with the
AN ASN-T32 nteprated tnciiial mavigation svstem (IINS) (para 18).

<. The onussion of steps in the operator’s and crewmember’s checklist to remind pilots
fo sitivate antyacing systems inoaccordance with the operator’s manual (para 20y,

-~

240 Two iang- redlated dehoencies, previously identified in references 1 and 2 were not

pettally re-evatiated

SHORTCOMINGS

230 The tollowsne shoreonungs were identified and appear in order of decreasing

Hrtortaney

v of the DE Aipole antennas during flight inicing conditions (paras 12

oo The maccuiacy of the igquid water content readings of the Rosemount icing rate

sieler, especiath o mined g condions (para 135),

The poar ieeratinon of the HNS and the fhight instruments which prevents the direct
disylay of TACAN inlormation (para 16)

T Sevonvrevie s wdennbieds iang-related shortcomings were re—evaluated and remann

oo Apata Ih

27 Teenr rhree tane-relatod shortcotmngs, previously identified in references 1, 2 and
oo T weers not speaiticolly re—cvaluated.
ta




RECOMMENDATIONS

28, The EH-60A helicopter, with modified direction finding (DF) antenna insulator
Blocks (part no. 1951-1-4116-4), should be released for flight into moderate icing
conditions with the electronic countermeasures (ECM) antenna retracted only (para 22).

29 The deficiency noted at paragraph 23a should be corrected prior 1o {urther icing flight
tests ol the EH-60A with the ECM antenna extended (paras 10 and 11).

. The rehabiiny of the AN/UYK-64(V) navigational processing unit associated with the
AN ASN-132 inteprated inerual navigation svstem should be improved (para [8).

31 Steps should be included in the operator’'s and crewmember’s checklist to remind
prlots o activate anti-icing systems in accordance with the operator’s manual (para 23¢).
32 The shortcoming identified in paragraph 25a should be corrected by redesign of the
DF dipole antenna insulator housings to permit easier and more consistent assembly
fpara 17).

33 Maintenance procedures should be introduced which verify the security of the DF
dipole antennas after initial installation and, until the design of the insulator housings is
inproved, alter every flight into icing conditions (para 17).

34. The accuracy of the Rosemount liquid water content (LWC) readings should be
improved. As an interim measure the following sub paragraph should be added to the
(EH-60A Operator’s Manual (ref 5) at paragraph 8-60 (In-Flight Icing):

d. In mixed icing conditions (combinations of icing with sleet, freezing
drizzle or f[reezing rain) the icing rate meter may give inaccurate
indications and should not be used as the sole criterion to determine icing
severity. [t may not be necessary to exit mixed icing conditions unless an
LLWC reading of greater than 1 g¢/m3 (heavy) is accompanied by a torque
rise ol more than 20% and/or excessive vibrations (para 15).

33, The wntegration of the TACAN with the flight instruments should be improved
fnara 16).

36 Testing should be conducted to determine how ice accumulations on the DF and ECM
antennas affecc the operation of the AN/ALQ-151(V)2 countermeasures system (paras 11
and 12).

37. The changes 1o the operator’s manual and operator’s and crewmember's checklist
noted in paragraph 19 should be incorporated.

I The seven previoushy idenufied, icing related shortcomings noted in paragraph 21

Shonid be corrected.
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APPENDIX B. DESCRIPTION

GENERAL

1. The test aircraft, U.S. Army S/N 86-24569, is a production EH-60A fitted with the
full UH-60A deicing kit (figs. B-1 through B~4). The AN/ALQ-162(V)2 radar
countermeasures system had been removed and the antennas substituted by 4-1/2 in.
diameter blanking plates. Four dummy active direction finding (active DF) antennas were
fited under the fuselage. Principal dimensions and characteristics of the EH-60A appear
in the uperator’s manual (ref S, app A). External features specific to the EH-60A which
may affect ice accretion are described below.

DIRECTION FINDING ANTENNAS

2. The test aircraft was equipped with a set of four DF antenna groups, part numbers
C3074121-3 and -4, mounted on the tailcone (fig. B-5) in accordance with Engineering
Change Proposal 0099-E-1668R1 datec. 10 February 1989. Each group comprised two
32.5in. long, 1 in. diameter aluminum monopole antennas attached to a cross brace by
means of an insulator housing (part number 1951-1-4116-4) (fig. B-6). The insulator
housings were formerly machined from DELRIN material and had failed during previous
icing tests (ref 2). The housings on the test aircraft were molded from 30% glass filled
polvethvlene terephthalate (PET) and had a revised mounting screw configuration
incorporating a combination of ultrasonically injected "ultraserts” and pressed inserts (fig.
B~7). The antenna elements were located in a semi-cylindrical trough in the insulator
housings and retained by means ot metal clamps secured by four screws locating in the
inserts.

ELECTRONIC COUNTERMEASURES ANTENNA

3. The electronic countermeasures (ECM) antenna was a 109 in. long, retractable
monopole mounted under the aft fuselage just forward of the tailcone. The ECM antenna
was constructed of aluminum tubing whose diameter decreased from 3 in. at the base to
0.5 in. at the tip. A non-metallic insulating collar located the antenna in its mounting
bracket. An electric linear actuator, part number C5074185~1, caused the antenna to
extend and retract by ruiaiing it through approximately 90 degrees about the base
mounting structure (figs. B-2 and B-8). The actuator/pivot assembly had been identified
as a shortcoming during previous icing tests (ref 2) and the unit fitted to the test aircraft,
serial number 0014B, was an upgraded version. Specific modifications to the actuator
assembly included larger diameter pivot pins, stronger pivot bushings and a more powerful
linear actuator. The fuselage structure of the EH-60A was modified by the addition of a
honeycomb panel underneath the transition section to which the ECM antenna actuator
assembly was mounted by means of four bolts. The lower surface of the honeycomb was
covered with a soft metal sheet which formed a ground plane for the antenna.
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DENMMY ACTIVE DIRECTION FINDING ANTENNAS

4. Tracor Acrospace Ine. has proposed the installation ol an active antenna array o
rephice the exiztimy EH-60A dipole antenna array. Four dummy active DF antennas,
which were externadly fully representative of the actual instalfation, were mounted under
the mid fuselage of the test aircralt for icing assessment purposes. Each plastic antenna
cover was oyvlindrical in shape, 6 in. high and 5 in. diameter and installed on temporary
mountng plates according to TRACOR drawing number 600326 (fig. B-9).

S, The positons of external antennas are shown in ligure B-10.

LANDING GEAR SPONSONS

6. The main landing gear sponson fairings (part numbers 70215-02319-041 and -042)
of the test aircralt were each 3 in. wider than those previously tested to accommodate
J-per-rev vibration absorbers (fig. C-1).
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APPENDIN Co INSTRUMENTATION
CAMERN SYSTEAS

Vocolor video came s was mounted ono the right side of the transition section to

coothe Pehovwor op tie nicht side dipole antennas (e, B-8). A second camera,
Greninted on e aoaanyg pamnt sear the rivhy hand cocspit step, recorded the motion and
e acerctuen of the clectrasite countermensures (ECMY antenna (fig. C-1). Each camera
was dnhed o oan mdeedua! sideo recorder. A display mounted at the ECM operator’s
station could be selected 1o either camera vulput. A video camera in the chase aircraft
wias et Lo document e aooretion immediately alfter exiting the icing conditions. Hand
Beld cooncias wore used tor sudl photography both in the air and on the ground.

2o voun! dce accreven trobe IVIAPY, mounted pust below the left cockpit window
chg. C=2), was used oo additional visual cues of ice build up and to correlate
Rosemount tqud warer content (LW readings. The VIAP consisted of a small,
sommetrical arforl section with a rod protruding from the leading edge at mid-<pan;
cutirasting stripes on the rod were used to gauge ice thickness. The method used for
deriving LWOS from N AP neosurements is described in appendix D.

CLOUD SANMPLING EOUTPRIENT

oA S Ay T L2 nN Be-in06R) was used both as a chase aireraft and o

Aociment wang condinon, comy the following equipment:

oA Purticle Meesunnyg Svetem (PMS) comprising a FSSP-100 forward scattering
spectrometer probe cnd an OAP-200X optical array cloud droplet spectrometer probe.
fooo OMS was capable o sizing water droplets between 2 and 300 microns in diameter.

oA Rosemount ouiside wr temperaare sensor and display.

c. A Tambndge moder 157 chilled dew point hygrometer and display.

oA Cloud Techinalow see detector unit capable of measuring LWC 1n g/m3.

e Cor A ropinre and Armzment Expenmmental Establishment vernier ice accretion

SITHS v a4 compact data

Poocher e Tk oo ne corpeent mey by fotd omoappen o O of




MANUALLY RECORDED PARAMETERS
4. The following test aircraft parameters were recorded manually during icing fights:

Indicated airspeed (KT)

Engine torques (%)

Outside air temperature (deg C)
VIAP readings (in. ice)

VIAP ice accretion times (min:sec)
Rosemount LWC indications {g/m?3)
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Frgure 1

ECM Camera
Housing

-

Main landing Gear Sponsons/ECM Camera Housing
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APPENDIX D. DATA ANALYSIS METHODS AND DEFINITIONS
DATA ANALYSIS

1. Liquid water content (LWC) values were determined using figure D-1 and observed
visual probe ice accretion rates. An average LWC was determined from these calculated
values and those measured by the cloud sampling equipment on board the JU-21A.
Calculated and measured LWCs were summed over the total samples for each flight to
ohiain an average. The Rosemount indicator on board the EH-60A was rarely used since
the readings were inaccurate (para 15).

DEFINITIONS

2. lcing characteristics were described using the following definitions of icing severity:

a. Trace icing: Ice becomes perceptible. Rate of accumulation slightly greater than
rate of sublimation. It is not hazardous even though deicing equipment is not used, unless
encountered for an extended period of time (over 1 hour). Commonly 0 to 0.15 g/m3
LWC for the UH-60A helicopter.

b.  Light icing: The rate of accumulation may create a problem if flight is prolonged
in this environment (over 1| hour). Occasional uses of deicing/anti-icing equipment
removes/prevents accumulation. It does not present a problem if the deicing/anti~icing
equipment is used. Commonly 0.15 to 0.5 g/m3 LWC for the UH-60A helicopter.

¢. Moderate icing: The rate of accumulation is such that even short encounters
hecome potentially hazardous and use of deicing/anti-icing equipment or diversion is
necessary. Commonly 0.5 to {.0 ¢/m® LWC for the UH-60A helicopter.

d. Severe/heavy icing: The rate of accumulation is such that deicing/anti-icing
equipment fails to reduce or control the hazard. Immediate diversion is necessary.
Commonly greater than 1.0 ¢/m® LWC for the UH-60A helicopter.

3. Results were cateporized as deficiencies or shortcomings in accordance with the
following definitions:

Deficiency: A defect or malfunction discovered during the life cycle of an item of
equipment that constitutes a safety hazard to personnel; will result in serious damage to
the equipment if operation is continued; or indicates improper design or other cause of
Lodte. of an item or part, which seriously impairs the equipment’s operational capability.

Shortcoming: An imperfection or malfunction occurring during the life cycle of
equipment, which must be reported and which should be corrected to increase efficiency
and to render the equipment completely serviceable. It will not cause an immediate
breakdown, jeopardize safe operation, or materially reduce the usability of the materiel or
end product.
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L1QUID WATER CONTENT (LWC,g/m3)

CALCULATED LIQUID WATER CONTENT

FIGURE D-1

T =

ICE ACCRETION RATE (IN. I1CE/MIN)

30

NOTES: 1. COLLECTION EFFICIENCY ASSUMED TQ BE 100%
2. DENSITY OF ICE = 0.8 g/cm3
3. LWC = (ICE ACCRETION RATE)(DENSITY OF ICE)
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APPENDIX E. TEST INCIDENT REPORTS

. The following Test Incident Reports (TIR) were submitted during these tests:

TIR NUMBER SUBJECT
EC-B8806100t NPU Failure
EC-B88061002 ECM Antenna/lnsulation Collar De-brnd

EC-B88061003 Broken Right ECM Antenna Pivot Stud
EC-B88061004 Cracked Ground Plane/Honeycomb Skin
EC-B880A 1603 Bent Left ECM Antenna Pivot Stud

£ ~B88061006 Loose DF Antenna
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TTES5. INCLDENT REPORT (AMCR 70-13) l. Release Daca: ==
2 March 1989 \
Test Title: Natural Icing Reevaluation Test Project ¥ ~FiR ¥ H
2 of the EH-60A 3. 88-06-1 4. £C-888061001 !
!
Y AEFA 6. Test Sponsor AMCPM-AE
1 MAJOR ITEM DATA
ANJACN 132 TINS Test Life: Units:
ELYOR 21. NA
» 22. NA
1A 23. NA
et UNA 24, (Not Used)
R II INCIDENT DATA
)
‘sation Processing Unit (NPU)Y 40. Data & Time: 24 Feb 89, 0945
1 £H-60A : 4l1. FD/SC Step#:
- Llass: Major 42. FD/SC Class:
By Performance | 43. Chargeability: Firmware
= During: Cockpit Equip. Checks | 44. Preliminary CA Status: Open
S kent Reprogrammed | 45, Asgd Resp:
© “uvironment: Natyral Icing

etive Hatariel:

Reprogrammed/See Item 90

_ III INCIDENT SUBJECT DATA }
Ve Navigation Processing Unit 60. FGC: [EH-60A 86-24569 !
~Lalfr 151 61. LSA#: \
AN AN/UYK-64(V)2 Part Life: Units:
ROLM 63. 358 hours
wreds 1666 B-C 64. NA
JJ "3#3 NA 65- NA
- Aty. One 66. Next Assy: AN/ASN-132(V) 1INS
aiLA etons Reprogrammed 67. Serial#: NA
| o IV MAINTENANCE DATA
| 3
. acstic Clockhours: (.5 80. Type: Unscheduled
. " . nostic Manhours: 1.0 8l1. Level Use: AVIM
"7, ¢ ~ive Mainz Clockhours: 4.0 82. Level Prsc: AVUM
- w2 Maint Macnhours: 8.0 83. Level Recm: AVUM

V INCIDENT DESCRIPTION

t.cripiadu Of Lacident:

“c~craft has had a continuing problem with an unreliable AN/ASN-43 Gyro Magnetic

.. 75 Sat,

M: intenance personnel have been trouble-shooting the problem [AW procedures

tiired in TH 11-1520-237-23-2 changes 12, Avionics Fault Isolation Procedure Manual,
-ted 30 Aoril 73, Trouble-shooting number 11.1-3 "NPU Failure Annunciator Appears,"

e 11.1-8, figure 11.1-2.
.ing Lhe !
i v n bresent position Lati
“-pe, .:la & Thene of Preparer:

UM L. PINDTROWSKI
>riject Engineer, AV 527-4992

M ion, Fi
FOR THE COMMANDER:

99. PAUL W. LOSIER, MAJ, AV
Chief, Plans & Programs

‘Before starting engines, COCKPIT EQUIPMENT CHECKS," initiation of the [INS
d Elevation, and

(Cont1nued)

SIGNED
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TEST INCIDENT REPORT (AMCP 70-13)
TIR # EC-B88061001

Item 90. (Continued)

Barometric Altimeter were input. Subsequently, a flashing "NPU" annunciator on
the C11091/ASN-132(V) Control Display Unit indicated a NPU failure. The IINS
was turned off for the required two minutes and then steps were taken to ini-
tiate the alignment again. Alignment was unsuccessful. IINS self-test was
performed confirming the NPU failure. Subsequently, the NPU was reprogrammed
with the Raymond Cassette, model 6101-01, PN 101830-602, SN 6414, and cable,
model number EGPCO2-PP. Two flights totalling 2.5 hours followed the repro-
gramming of the NPU with no failures.
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IN. =5T REPORT (AMCR 70-13)

1. Release Date:
14 March 1989

!
B l
| Test Title: Natural Icing Reevaluation | Test Project # ' TIR 7
' 2. of the EH-50A } 3. 88-06-1 | ¢+ EC-888061002
i 1
“eg;wégg?ii;" AEFA 6. Test Sponsor AMCPM-AE
- I MAJOR ITEM DATA
Fo-3578 000151 (V) Test Life: Units:
il Seriaid: 207 I 21.
aA '22.
v TRACCK Aerospace ; 23,
LT iDAAKD1.84-0-0099 \ 24, (Not Used)

]
4 Antenna !

|
'[\'JOR

>: Post flight inspection
Zamoved

II INCIDENT DATA

i~

. Data & Time:
. FD/SC Stept:
. FD/SC Class:
. Chargeability: Hardware

. Prelininary CA Status: Open
. Asgd Resp:

7 March 1989, 1600

[ &
N N—= O

«mz:  dtural .¢cing

ceTtlw i Tlanorlel:

Returned to TRACOR Aergspace

IIT INCIDFNT SUBJECT DATA

]
= oric Dooriermeasures (ECM) !
Antenna ;

L0o-151 (V)

60. FGC: EH-60A 86-24569
61. LSA#:

Part Life:
63.
64.
65.
66. Next Assy:
67. Serialt:

Units:

IV MAINTENANCE DATA

Ztagnostic Clockhours:

Diagnoszic Manhours: '
. Active Maint Clockhours:
. Jotive Maint Manhours:

1 ~3 A
[GNI SN

80. Type: Unscheduled

81. Level Use: Contractor/UNK
82. Level Prsc: UNK

83. Level Recm: (Cgntractor

V INCIDENT DESCRIPTION

Decarisrlon of Incident:

“ter 3 rotural icing test flight of 1.4 hr. duration at -14.0° C with an average LWC
..c7 g/m3, the ECM antenna failed to fully retract.

ntemna had oscillated laterally.,

ot

rint TTight onspection revealed a debonding between the aluminum ECM antenna and the
Various patches of paint were missing from a
(Continued on attached sheet)

- .
Cluralass
]

“nzulation bushing at it's base.
cuout 2o faet “rom the antenna tip.

During the test flight the ECM
After approximately 33 minutes, the antenna stopped
»hang and ung slightly to the right of the normal extended position.

-

e, Tirie & Phoae of Preparer: !
GSEPH L. PIDTROWSK]
rocect fngineer, AV 527-4992

FOR THE COMMANDER:
99. PAUL W. LOSIER, MAJ, AV
Chief, Plans & Programs
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TEST INCIDENT REPORT (AMCP 70-13)
TIR # £EC-B88061002

item 90. (Continued)

Additional damage was noticed during the post flight inspection: the right
ECM antenna pivot stud (TIR #EC-BBB061003), the ground plane/honeycomb <kin sand-

wich structure (TIR EC-B88061004), and the left pivot stud (TIR #EC-B88061005)
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TTEST T “IT REPORT (AMCR 70-13) ["I. Release Date:
| 14 March 1989
; Test Title: Natyral Icing Reevaluation Tﬁ Test Project # TIR #
| 2. 56 the £H-60A '3+ 88-06-1 o 1% EC-888061003
5. Test Agency: AEFA 6. Test Sponsor AMCPM-AE

1 MAJOR ITEM DATA
T

10. Model: ECM Antenna Actuator Assy Test Life: Units:

1. Serial#: P21,
12, USa#: S22,
13, Mfr: TRACCOR Aerospace 23.
14, Contract?: 24, (Not Used)

== = ——— == ———

IT INCIDENT DATA

3. Title Sheared Pivot Switch Stud 40, Data & Time: 7 March 1989, 1600
31. Subsvstenm: " 4l. FD/SC Step#:

32. Incident Zlass: MAJOR © 42, FD/SC Class:

13, Categorv: RA&D " 43, Charceability: Hardware

J4. Observed luring: Pgst €light inspectiod “%. Preliminary CA Status: Qpen

35. Action Taken: Removed 45. Asgd Resp:

<A, Test Tovironment: Naturi!l [©ing

3
<9, Tefective Materiel: Returned t3 TRACOR Aergspace

IIT INCIDFNT SUBJECT DATA

67. Serial#:

50. %azme Styud, Pivst Switch ! 60, FGC: EH-60A, 86-24569
' Sl. Serfal#: ‘ 61. LSA#:
52. FSN/NSN: | Part Life: Units:
53. Mfr: T2ACOR Aerospace .63,
54. Mfr Part#: 57658/05074731 . 64,
55. Drawing#:  3095-£-1449R2C1 65,
56. Quantity: | # 66. Next Assy: Actuator Assy

57. Action: Removed

IV MAINTENANCE DATA

70. Diagnostic Clockhours: ' 80. Type: Unscheduled
71. Diagnostic Manhours: E 81. Level Use: Contractor/UNK

" 72. Active Maint Clockhours: 82. Level Prsc: UNK
" 73. Active Malint Manhours: j 83. Level Recm: Contractor

V INCIDENT DESCRIPTION

7 F+1) Descrintion of Incident:

i

“+ the completicn of a natural icing test flight of 1.4 hr. duration, -14.0° C and with

‘an average LWC of 0.27 g/m3. a post flight inspection revealed a broken right pivot stud on

! *he ECM antenna actuator assembly. In the area of the sheared stud, damage was also apparent

;0 cae actuator mounting/housing and the moveable antenna mounting plate.
Additional damage was noticed during the post flight inspection: the ECM antenna

(TIR #EC-B83061002), the ground plane/honeycomb skin sandwich structure (TIR #EC-B88061004),

v and the left pivot stud (TIR #EC-B88061005).

Yiame, Title & Phone of Preparer: " FOR THE COMMANDER:
98. JOSEPH L. PIOTROWSKI | 99. PAUL W. LOSIER, MAJ, AV
Project Engineer, AV 527-3992 ! Chie€, Plans & Programs
l
{

|
!
'
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PUOTIST U LUSNT  REPORT (AMCR 70-13) T 1. Release Date:
t
. 14 March 1989
Test Title: Natural Icing Reevaluation | Test Project ¥ f TIR ¥ ‘
2+ of the EH-67A | 3 88-06-1 ** £C-888061004
5. Test Agency: AEFA 6. Test Sponsor AMCPM-AE
I MAJOR ITEM DATA :
T |
1. Model: Helicupter, EH-60A ! Test Life: Units: !
1. Serial®: 26-7315686G b 2L, '
D2. USa: P22,
3.0 MEr: Sikorsky 23
4. Conzracet 24, (Not Used)
e e e e e e —_— ] T —— —_ -
11 INCIDENT DATA
0 Tiole Drecved Ground Plane 40, Data & Time: 7 March 1989, 1600
31, Sudbsvszam 41, FD/SC Step#:
32, Tncifdann Tlass: MAOR ‘42, rD/SC Class:
31, Cateqns 20 43, Chrargeability: Hardware
.. Cbserved Turircc: Post fliaght dnscection Y4, Prelimirvary CA Status: Open
15. Acrion Taver Stos Orilied 43. Asgd Resp:
<%, Test Cavironmanz: Natuc:l 1ling
29 Defocsd T Ses Item 37
ITT  INCIDFNT SUBJECT DATA
30, Nare Irourd Slane ' 50, FGC:
51. Serial: b pl. LSA#:
32, FSN/NSY : Part Life Units: !
T30 Mir: TTLOLP leesisace ' 63,
S4. Mir Parn! l 64
3. Drawinz®: 00135 L hS.
S6. SJuantiry . | 66. Next Assy: Honevcomb skin
57, Action inspelted I 67. Serial#: !
=—wiex = =
IV MAINTENANCE DATA !
— ; ,
70. 2iagnostic Clockhours: | 80. Type: Unscheduled
71. Diagnostic Manhours: ' 8l. Level Use: Contractor/UNK '
72. Active Maint Tlockhours: | 82. Level Prsc: AVUM
73. Active Maint Mannours: ’ 83. Level Recm: C(Contractor/UNK
- I

o

V INCIDENT DESCRIPTION

|
!
|
\
|
|
|
|
}
!

{

t

f

!
|

Looledoy
LAt tre cemrieticr of a natural dcing test flight of 1.4 hr. duration at -14.0° C and
| thoar averige Lal of 0,27 g/m3, post flight inspection revealed a cracked ground plane
1rd neneyoont skias o The ground plane and honeyzomb skin form a sandwich structure which
“he ZTM oy renna actuator assembly.  The structure is located at a fuselage statiun
Laocrmee e pf 20793, and buttline of O, underneath the transition section.
~377 vons D daraie was noticed during the psot flight inspection: the ECM antenna (TIR
- 7oqnt oilot switceh stud (TIR 4EC-B888061003), and the left pivot stud
e 4 Svgne of Draparer: T FOR THE COMMANDER: (Cont]™
L DITSCWTY " 99, PAUL W. LOSIER
Srolect Degivecs 1Y 5774592 ! Chief, Plans & Programs
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TIR #EC-B88061004

Item 90. ({Continued)
'TIR 2EC-BBB061005).
Ttem 49,

Structure will remain installed on the aircraft. After testing, aircraft will
ce returned to Flight Systems Inc., a subcontractor of TRACOR Aerospace.




'

" TEST INCIDENT REPORT (AMCR 70-13)

| 1. Release Date:
] 14 March 1989

Test Titcle: Natural Icing Reevaluation |

2. 0f the EH-60A

Test Project # | TIR ¥
3. 88-06-1 4. EC-88B061005

e

AEFA

Test Agency:

6. Test Sponsor AMCPM-AE

o

1 MAJOR ITEM DATA

—T N
"), vodel: ECM Antenna Actuator Assy ! Test Life: Units:
Ly Serial#: 21,
2, USAE: ' 22.
HEIEES TRACCGR Aerospace P23,
'L, Coatractd : 24. (Not Used)
IT INCIDENT DATA
33, Title 3ent 24i,:% Stud ' 40. Data & Time: 7 March 1989, 1600
31, Subsvstem: 41. FD/SC Step#:
I2. Tacident Tlass: MAUQOR 42. FD/SC Class:
33, Tategorv: RAD ' 43. Chargeability: Hardware
S+ Coserved Turinz: Post “lignt inspection 44. Prelimirary CA Status: Qpen
T, Acrzien Taxen: Removed 15. Asgd Resp:
. Teast Tnvirinment Natural [cing
-+, Tefsctive Materiel: Retyrred tg TRACOR Aergspace
Iz [NCIDENT SUBJECT DATA
T
0. Name  Stud, Pivot | 60. FGC: EH-60A  86-24569
1. Serial#: b 61, LSA#:
2. FSN/NSN: ‘ Part Life: Units:
T3 Mfr: TPACCR Aerospace I 63.
L. Mfr Part#: 57958/05074725 b 64,
35. Drawing#:  209G-F-1349R2C! [ 65.
36. OQuantity: | ‘ 66. Next Assy: Actuator Assy
7. Action: Reroved 67. Serial#:

IV  MAINTENANCE DATA

0
| 80. Type: Unscheduled
8l. Level Use: Contractor/UNK
82. Level Prsc: {NK
83. Level Recm: (gontractor

[}

Tiagnostic Clockhours:
Diagnostic Manhours:

. Actlive Malnt Clockhours:

. Active Maint Manhours:

do~d

| < -
[VERN S S

V_INCIDENT DESCRIPTION

oLl Degcription of Incident:

- 2. Ar the completion of a natyral icing test flight of 1.4 hr. duration at _-14.0° C and
W roaveraze LWC of 0.27 g/m3, a post flight inspection revealed a bent left ECM antenna

1ot shud.

Ve

damage was noticed during the post flight inspection: the ECM antenna

T I-04EL 00, the ground plane/honeycomb skin sandwich structure (TIR #EC-B88061004),

rlotee right oivot switch stud (EC-B88061003).

FOR THE COMMANDER:

99. PAUL W. LOSIER
Chief, Plans & Programs

, [1-'e & Phone of Preparer: !
A2 0SE0W L. PIOTROWSKI ,
0 cngineer, AV 527-4992 ,
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i T TEST .NCIDENT REPORT (AMCR 70-13) | 1. Release Date:

b 1 16 March 1089

! Test Title: Nytyral Icing Reevaluation ! Test Project # | TIR ¥
- Test agency: AEFA _ 6. Test Sponsor AMCPM-AE

I MAJOR ITEM DATA

10. Model: Antenna, Direction Finding (OF) Test Life: Units:
11. XEXXEXEX MFR PART #. (5074121-3 L 21. 29.1 hours
12. USA#: b2,
13, Mfr:  TRACOR Aerospace 23,
1. Contract!: : 24. (Not Used)
IT INCIDENT DATA
. Tirle Loose Moncpole Antenna ' 40. Data & Time: 13 March 1989, 1200
11, Subsvstea: [H-60A ' 41. FD/SC Step#:
2. Iacident Class: Minor 42. FD/SC Class:
33. Categcryv: R&D ' 43. Chargeability: Hardware
Ju. “bserved Turing: Post flignt inspectioh w4, Preliminary CA Status: (pen
35, Action Taken: Removed ' 45. Asgd Resp:
-7, Test Zavironment: Naturii Icing
-3, lefective Materiel:
IIT 0 INCIDFNT SUBJECT DATA
33. Name Housing Insulator | 60. FGC: EH-60A, B86-24569
5l. Serial#: I 61. LSA#:
52. FSN/NSN: ‘ Part Life: Units:
' 53, Mfr: TRACOR Aerospace | 63. 29.1 hours
54, ufr Part#:  1351-1-4116-4 ' 64,
55. Drawing#: b 65.
36. Quantity: 1 66. Next Assy: Housing Ins. & D.F. Antenna
57. Action: 67. Sertal#: (S074124
' IV MAINTENANCE DATA
70. Diagnosctic Clockhours: 0.5 80. Type: Unscheduled
71. Diagnostic Manhours: 1 81. Level Use: Contractor/UNK
" 72. Active Maint Clockhours: | 82. Level Prsc: UNK
73. Active Maint Manhours: 2 83. Level Recm: Contractor

V INCIDENT DESCRIPTION

-,

'L Description of Incident:
B Aiter the completion of a natural icing flight at LWC=0.33 g/m3 and a temperautre of
‘ ., .ne #2 uppzr monopole anterna was found loose. The housing insulator was disas-
‘sernied revealing a screw insert that was not aligned correctly within its retaining
" shoulders. The insert was skewed approximately 20 degrees and was lodged on top of the
-, .+ ders. The location of this insert was for the upper monopole element's lower screw

[REPEE I <
. ‘Continued on attached sheet)
Yame, Tizl: & 2hone of Preparer: I FOR THE COMMANDER:
98, SOSEPH L. PIOTROWSKI] | 99. PAUL W. LOSIER, MAJ, AV g-rne
| : ,

P-ainct Enginear, AV 527-4992 Chief, Plans & Programs -sfi .
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TEST INCIDENT REPORT (AMCR 70-13)
TIR #EC-BB88061006

“tem 90. (Continued)

The remaining 3 housing insuiators were inspected. Inspection of the #3 dipole
ousing insulator revealed a 1/64" gap petween two screw inserts and their respective
rzzaining shouider channels. The gap between the insulator and the retaining shoulder
channel was not sufficient to permit the screw inserts to rotate. The two remaining
nousing insulators on the left hand side of the aircraft were undamaged.

For further details, see advanced copy/final report, AEFA Project No. 88-06-1.
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APPENDIX F. PHOTOGRAPHS

Figure No. Title
F-1 Typical ECM Antenna Ice Accretion
F-2 ECM Antenna Extended Post-Failure
F-3 ECM Antenna Retracted Post-Failure
F-4 Damaged ECM Antenna Pivot Pins
F-5 Damaged ECM Antenna Mounting Structure
F-6 Damaged ECM Antenna Ground Plane
F-7 Damaged ECM Antenna Base
F-8 Damaged ECM Antenna Acuator
F-9 Damaged ECM Antenna Acuator
F-10 Left DF Dipole Antennas-Typical Ice Accretion
F-11 Active DF Antennas-Typical Ice Accretion
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Figure F-1. Typical ECM Antenna Ice Accretion (Flight #1)
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Fieure F-2.

Antenna

ECM Antenna Extended Post-Failure (Fhight #3)
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Figure F-5. Damaged ECM Antenna Mounting Structure
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Figure F-11. Tyvpical Dummy Active DF Antenia Tee Accretion




DISTRIBUTION
HODA (DALO-AV)
HODA (DALO-FDQ)
HODA (DAMO-HRS)
HOQDA (SARD-PPM-T)
HQDA (SARD-RA)
HQDA (SARD-WSA)
Commander, US Army Material Command (AMCDE-SA, AMCDE-F.
AMCQA-SA. AMCQA-ST)

Commander. US Training and Doctrine Command (ATCD-T, ATCD-B)

Commander, US Army Aviation Systems Command (AMSAV-8 AMSAV-Q,

AMSAV-MC, AMSAV-ME., AMSAV-L, AMSAV-N, AMSAV-GTD)

C.mmander, US Army Test and Evaluation Command (AMSTE-TE-V,
AMSTE-TE-O)

Commander, US Army Logistics Evaluation Agency (DALO-LEI)

Commander. US Army Materiel Systems Analysis Agency (AMXSY-RV.,
AMXSY-MP)

Commander, US Army Opcerational Test and Evaluation Agency
(CSTE-AVSD-E)

Commander. US Army Armor School (ATSB-CD-TE)

Commander. US Army Aviation Center (ATZQ-D-T. ATZQ-CDC-C.,
ATZ0-TSM-A. ATZQ-TSM-S. ATZQ-TSM-LH)

Commander. US Army Combined Arms Center (ATZL-TIFE)
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Commander, US Army Safety Center (PESC-SPA, PESC-SI)

Commander, US Army Cost and Economic Analysis Center (CACC-AM)

US Army Aviation Research and Technology Activity (AVSCOM)
NASA/Ames Research Center (SAVRT-R. SAVRT-M (Library)

US Army Aviation Research and Technology Activity (AVSCOM)
Aviation Applied Technology Directorate (SAVRT-TY-DRD,
SAVRT-TY-TSC (Tech Library)

US Army Aviation Research and Technology Activity (AVSCOM)
Aceroflightdynamics Directorate (SAVRT-AF-D)

US Army Aviation Research and Technology Activity (AVSCOM
Propulsion Directorate (SAVRT-PN-D)

Defense Technical Information Center (FDAC)

US Military Academy, Department of Mechanics (Aero Group Director)

ASD/AFXT ASD/ENF

U'S Army Aviation Development Test Activity (STEBG-CT)

Assistant Technical Director for Projects, Code: CT-24 (Mr. Joseph Dunn)

6320 Test Group (ENML)

Commander. Naval Air Systems Command (AIR 5115B, AIR 5301)

Detfense Intelligence Agency (DIA-DT-2D)

School of Acrospace Engineering (Dr. Daniel P. Schrage)

Headquarters United States Army Aviation Center and Fort Rucker

(AT7.0Q-ESO-L)
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Commander, US Army Aviation Systems Command (AMSAV-ED)

Commander. US Army Aviation Systems Command (AMCPM-AE)




